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INTRODUCTION 


In adult poeciliid fishes there is a marked sexual dimorphism 
particularly in reference to body size, coloration, and fin structure. 
While considerable effort has been expended over the years in 
studying the structure and function of the gonopodium (modified 
anal fin of the mature male), relatively little attention has been 
directed to an understanding of the pelvic fins which also become 
modified as the males mature. In the latter, particularly the 
first and second rays of the pelvic fins show considerable special- 
ization. It has been reasoned from the fin anatomy in such 
cyprinodont genera as Poecilia, Molliensia, Lamia, Xtiphophorus 
(Henn, 1916), and Lebistes (Purser, 1941; Fraser-Brunner, 1947) 
that the elongated pelvic fins of the males, acting in conjunction 
with the modified anal fin, help to form a tube through which 
spermatozoa pass during copulation. Observations on the 
sexual behavior of Lebistes reticulatus, Platypoecilus maculatus, 
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and Xtphophorus helleru (Christman, MS; Clark and Aronson, 
in press; Clark, Aronson, and Gordon, MS) show that during sex- 


Fic. 1. Pelvic fins of a male and female Platypoecilus maculatus. Ca. X 15. 


ual activity, when the anal fin or gonopodium of the male is 
moved forward and to one side towards the female, the pelvic 
fin on that side is also coordinated with a forward motion 
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Fic, 2. Pelvic fins of a male and female X1tphophorus hellerit. 
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Fic. 3. Pelvic fins of a male and female Lebistes reticulatus. Ca. X* 15. 
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(figs. 4 and 5). These studies support the hypothesis that the 
pelvic fins function in some manner during copulation. 

A preliminary experiment on the function of the pelvic fin 
during copulation in Platypoecilus maculatus (Clark, Aronson, 
and Gordon, MS) indicates that insemination of the female is 
not possible by a male without pelvic fins. The present study 
represents an expansion of this approach, using the swordtail, 
Xtphophorus hellerit Heckel, and the guppy, Lebistes reticulatus 
(Peters), as well as the platyfish, Platypoecilus maculatus Giin- 
ther. The extended pelvic fins of these species are shown in 
figures 1, 2, and 3. In the platyfish (fig. 1) and the swordtail 
(fig. 2), the first ray of the male is considerably shorter and the 
epidermal covering thicker than in the female. In the guppy 
(fig. 3), the second ray shows the most noticeable dimorphism 
and in the male is longer, less branched, and has a thicker covering 
than in the female. 


MATERIAL AND METHODS 


For each of the three species, 14 mature males were used. Of 
the 14, four were kept as controls, the right pelvic fin was cut off 
three males, the left pelvic fin was cut off three other males, and 
the four remaining males had both pelvic fins cut off. Each male 
was then paired with a female for a test period of approximately 
four weeks, or until she had been inseminated by the test male. 

When noticeable regeneration of an amputated pelvic fin took 
place, the fin was immediately trimmed (after a week some males 
showed some regeneration). During the time of pairing, the 
females were checked for sperm periodically (table 1) by a smear 
technique developed previously in these fishes (Clark and Aron- 
son, in press; Clark, Aronson, and Gordon, 1948, 1949, MS). 
Prior to testing, the swordtail and platyfish females were virgins, 
and the guppy females had been isolated for several weeks until 
sperm could no longer be recovered from their genital tracts by 
the smear technique. 


RESULTS 


In the four control pairings for these species and in the six ex- 
perimental pairings for each species where males had only one 
pelvic fin removed, the females were all inseminated by the 
twenty-first day in the platyfish, the twentieth day in the sword- 


TABLE 1 


INSEMINATION OF FEMALES: PAIRED WITH MALES 
HavING ONE OR BoTH PELvic FINS REMOVED 


Smears on Various Days of Test Period Pelvic Fin 
Species 4 6 «I 14 18 21 28Total = Amputated 
Platypoecilus maculatus 
1 ae + 
2 —-—-x-—+ See 
Neith 
3 nie 4 either (controls) 
4 rete’ aint sts ae 
5 — Sk + 
6 oe ke +} Right fin only 
7 + ae 
8 = Be ae + 
9 he ee eK EP +) Left fin only 
10 = =e as 
ll rn) Oe ee ee 
12 —- — — xX —- —- — — 
13 EE pk MOL el cod eae Both 
14 i phe a ae 
Xiphophorus. helleri 4 7 14 17 20 26 29 
1 == t= oe os 
2 ee gts + ; 
h 
3 Pid nie Neither (controls) 
4 i 4 
5 a attr ns 
6 + +> Right fin only 
7 + im 
8 Sion eRe =F 
9 +? Left fin only 
10 —- —- -—- Fr rer 
11 ag a? SS ae Sere 
12 a i ee 
13 ee ee, hee Both 
14 eS tS Ie ee 
Lebistes reticulatus 3 7 11 16 22 26 
1 = Ss + 
2 = th 1 2 
Ni 
3 Foe AS ge te either (controls) 
4 + + 
5 = iP a 
6 ==) Ke =e +} Right fin only 
7 = + 
8 SSP ES ee OO ain “qe 
9 ag ee ho ee er ee —> Left fin only 
10 a + 
11 Se Sa ot 
2 Te ee —t Both 
13 ot ate ay Sa yg = 
14 at Si Pe SS ar — 


*@ Symbols: —, smear contained no sperm; +, smear contained sperm: >, female 
replaced. 
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tail, and the twenty-sixth day in the guppy (table 1). Two 
exceptions were noted, as follows: 

Lebistes reticulatus male No. 9 and X. hellertt male No. 10 did 
not inseminate the females with which they were paired by the 
end of the test period. At this time these two males were ex- 
amined. The sperm of the guppy male was found to be abnor- 
mally low in motility and loose rather than in spermatophores. 
Examination of the swordtail male yielded no plausible explana- 
tion for its failure to inseminate the female paired with it. 

Of the males that had both pelvic fins removed, only one out of 
four inseminated a female in each of the species tested. In the 
case of the guppy, a typical positive smear was obtained, consist- 
ing of hundreds of motile sperm. The single platyfish and sword- 
tail positive smears resulting from pairings with males without 
pelvic fins were, however, definitely abnormal. In the platyfish, 
only four sperm were recovered in the smears, and in the sword- 
tail, six were recovered. All the positive smears obtained from 
the control females, as well as those from females paired with 
males having one pelvic fin, contained hundreds of motile sperm, 
as would normally be expected. 

It was evident from the above results that in males without 
pelvic fins the ability to inseminate females is considerably 
lessened. But from these data, conclusions cannot be drawn 
concerning copulatory behavior, since it has been found fre- 
quently that copulations do not always result in insemination 
(Clark and Aronson, in press; Clark, Aronson, and Gordon, 
1948, and MS). Moreover, if the pelvic fin functions as an acces- 
sory structure to the gonopodium for the passage of sperm 
from the male genital opening to the female genital opening, 
males without pelvic fins may well be copulating but ejaculating 
into the water. In order to ascertain if the absence of pelvic 
fins actually hinders copulatory behavior, we conducted observa- 
tional studies on the sexual behavior of males after pelvic fin 
amputation. 

For these observational studies we used only P. maculatus. 
Six untreated males served as controls, and on a second group of 
six males, both pelvic fins were removed. Each male was placed 
in a 2-gallon aquarium and presented with a virgin female for a 
10-minute observation period on six different days. The number 
of times he thrust his gonopodium at the female’s genital region and 
the number of copulations that took place were recorded. This 
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observational technique is the same as that described by Clark, 
Aronson, and Gordon (1948, 1949, MS). 

The results given in table 2 show that the six control fish made 
a total of 738 thrusts and copulated 18 times, whereas the fish 
without pelvic fins made 1058 thrusts without copulating once. 

On two occasions an experimental male thrust at the female 
and for an instant appeared to have gripped her in a manner sug- 
gesting the beginning of a copulation. However, the male then 
seemed to lose his balance, tumbled backward, and the action 
terminated without insemination. 


DISCUSSION 


Our results indicate that the pelvic fins of the male platyfish, 
swordtail, and guppy play a role in copulatory behavior and that 
they are an important part in the mechanism for internal fer- 
tilization. 

In all but two cases out of 30, males with one or two pelvic 
fins were able to inseminate females within a test period of four 
weeks; half of these males inseminated females within the first 
week. The males with only one pelvic fin probably inseminated 
females by copulating with the gonopodium held to the side 
having the intact pelvic fin. It is shown elsewhere that the 
males of these species are ambidextrous in their ability to thrust 
and copulate (Aronson and Clark, MS). 

Males lacking both pelvic fins were considerably handicapped 
in their ability to inseminate females. Only one out of four 
transferred sperm to females and then only after a period of nearly 
three weeks in the tank with the female. In the case of the 
platyfish and swordtail, the smears indicated that the number of 
sperm transferred was abnormally low. There was no evidence 
that males without pelvic fins were appreciably handicapped in 
their general swimming or maneuvering for position prior to 
thrusting. Nor were males that were rendered asymmetrical by 
the removal of only one pelvic fin handicapped in this manner. 
Actually, our experiments show no apparent difference between 
the times it took the control males and the times it took males 
minus one pelvic fin to inseminate their females. Thus it ap- 
pears that males with both pelvic fins removed were prevented 
from inseminating females because of a specific defect in the 
‘total copulatory apparatus. 

Observational tests (table 2) on the platyfish indicated that 
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males lacking both pelvic fins had considerable mechanical 
difficulty in effecting the ‘“‘hold’’ on the female that is necessary 
for a copulation. None actually copulated. That their level 
of sexual responsiveness was up to normal is demonstrated by the 
amount of thrusting behavior. The number of thrusts appeared 
appreciably higher in the experimental males compared to the 


Fic. 4. Photograph of the swinging behavior of a Platypoectlus maculatus 
X Xiphophorus hellerta F, hybrid male. The left pelvic fin and gonopodium are 
shown in the forward position. The fish in the lower right is a female resulting 
from the same cross. 


number of thrusts observed in the controls, but because of the 
small sampling and high variability, no statistically significant 
difference could be demonstrated. Indication of a higher sexual 
excitability when copulation is hindered has been noted also when 
testing platyfish males with amputated gonopodial tips (Clark, 
Aronson, and Gordon, 1949, MS). Similarly, in certain rodents 
it has been shown that sympathetic denervation of the genitals 
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prevents ejaculation, but vigorous mating including persistent 
copulation continues unabated until the animal is totally exhausted 
(Beach, 1947, p. 255). 

It can be seen in figures 4 and 5 that when the gonopodium 
is brought forward and to the side, the pelvic fin is moved forward 
with it somewhat under or alongside the gonopodium in the 
position of a buttress. The photographs were taken during the 
“swinging” behavior (Clark, Aronson, and Gordon, 1948, and 
MS), when the gonopodium and pelvic fin are in the same relative 
positions as in thrusting and copulation. From our evidence it 
appears that the modified pelvic fin of the male platyfish, sword- 
tail, and guppy act at least in part as a supporting organ for the 
gonopodium during copulation. The three cases of males with- 
out pelvic fins that eventually inseminated females can be ex- 
plained by compensatory adjustment. 


Fic. 5. Photograph of the swinging behavior of a male Lebistes reticulatus. 
The left pelvic fin and gonopodium are shown in the forward position. 


That the male pelvic fin may also act to help form an enclosure 
for the passage of sperm is still a possibility. It can be easily 
demonstrated on living specimens, and Rosen and Gordon 
(MS) show by a mechanical model that when the gonopodium 
of the platyfish or swordtail is brought forward into the position 
attained in copulation, certain mechanical adjustments occur in 
rays 3, 4, and 5 which lead to the formation of a groove along one 
side of the gonopodium. What appears to be the more obvious 
function of the gonopodial groove is that of a passageway for the 
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sperm which is released in bundles or ‘‘spermatophores.’’ The 
diameter of the individual spermatophores, however, is consider- 
ably less than the open side of the gonopodial groove. It seems 
logical to assume that when the pelvic fin moves forward and 
alongside of the gonopodium it completes the enclosure and thus 
forms a broad passageway along the gonopodium which directs 
the sperm towards the female. If this is true, it might account 
for the abnormally low numbers of sperm obtained in the smears 
in the two cases of insemination by a male platyfish and male 
swordtail lacking both pelvic fins. These males succeeded in 
holding a female 7m copula without the aid of a pelvic fin (possibly 
through a process of learning), but during ejaculation, without 
the proper enclosure of the gonopodial groove, most of the 
spermatophores may have been lost into the water. 

However, the heavy sperm smear obtained from the female 
guppy paired with a male lacking both pelvic fins does not 
support the hypothesis that the pelvic fin is part of an enclosure 
for the passage of sperm. It should be noted, however, that 
some aspects of gonopodial morphology and copulatory behavior 
of the guppy (Clark and Aronson, in press) are considerably dif- 
ferent from those of the closely related platyfish and swordtail 
(Clark, Aronson, and Gordon, 1948, MS). It may well be that 
the pelvic fins of the guppy function in a slightly different manner 
than those of the platyfish and swordtail. 

One other possible function of the male pelvic fin during 
copulation should be considered here, that of a pressure ap- 
pliance for the ejaculation of spermatophores. If a fish is held 
on its back with wet cotton, while the observer works with a dis- 
secting-scope, spermatophores can be released artificially from 
living male platyfish, swordtails, or guppies by pressure on the 
abdomen. Quite frequently this can be done by merely rotating 
the gonopodium forward and to one side of the fish, the spermato- 
phores filling the groove in the gonopodium and spilling around its 
base. When this method does not work the additional pressure 
caused by a forward pull of the pelvic fin on the side to which the 
gonopodium is pointed will often release the spermatophores. 
However, it must be noted that spermatophores are not ejaculated 
every time the male swings his gonopodium and pelvic fin for- 
ward, but this probably occurs only during copulation, for at this 
time, along with other mechanisms, movement of the pelvic fin 
to a forward position may be of material aid. 
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SUMMARY 


The role of the male pelvic fins in the copulatory act of Lebistes 
reticulatus, Platypoecilus maculatus, and Xtphophorus helleri 
has been studied experimentally. Males with one pelvic fin 
removed appear to be able to transfer sperm to a female as readily 
as intact control fish. Males with both fins removed are strongly 
handicapped in this respect, although they may eventually 
adjust themselves to this condition and transfer sperm without 
the aid of pelvic fins. The pelvic fins of mature males appear 
to have three possible functions during copulation: (1) as a sup- 
porting mechanism for the gonopodium when the latter is brought 
forward and to the side during the swinging, thrusting, and 
copulatory behaviors in courtship, (2) as a mechanism to aid the 
gonopodium in forming an enclosure for the passage of spermato- 
phores, and (3) as a supplementary part of the ejaculatory mech- 
anism for the release of spermatophores during copulation. 
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